Maturation-dependent neurotoxicity of 3-hydroxyglutaric and glutaric acids in vitro: a new pathophysiologic approach to glutaryl-CoA dehydrogenase deficiency.
Glutaryl-CoA dehydrogenase deficiency is a neurometabolic disorder with a specific age- and region-dependent neuropathology. Between 6 and 18 mo of age, unspecific illnesses trigger acute encephalopathic crises resulting in acute striatal and cortical necrosis. We hypothesized that acute brain damage in glutaryl-CoA dehydrogenase deficiency is caused by the main pathologic metabolites 3-hydroxyglutaric and glutaric acids through an excitotoxic sequence. Therefore, we investigated the effect of 3-hydroxyglutaric acid and glutaric acid on primary neuronal cultures from chick embryo telencephalons and mixed neuronal and glial cell cultures from neonatal rat hippocampi. Exposure to glutaric acid and 3-hydroxyglutaric acid decreased cell viability in a concentration- and time-dependent fashion. This neurotoxic effect could be totally prevented by preincubation with an N-methyl-D-aspartate receptor subunit 2B (NR2B)-specific antagonist, NR2B antibodies, and an unspecific N-methyl-D-aspartate receptor blocker and was partially blocked with an NR2A-specific antagonist but not with NR2A antibodies or alpha-amino-3-hydroxy-5-methyl-4-isoxazole propionate receptor and metabotropic glutamate receptor antagonists. Furthermore, metabolite toxicity increased in parallel with the increasing expression of the NR2B subunit on cultured neurons from second to sixth day in vitro. We conclude from these results that 3-hydroxyglutaric acid and glutaric acid act as false neurotransmitters, in particular through NR1/2B, and that the extent of induced neurotoxicity is dependent on the temporal and spatial expression of NR1/2B in the CNS during maturation. Beyond favorable implications for treatment and long-term prognosis, glutaryl-CoA dehydrogenase deficiency is the first neurologic disease in which specific neuropathology could be experimentally linked to ontogenetic expression of a particular neurotransmitter receptor subtype.